. They then is not only required for axon guidance at the midline but also repels muscle precursors, causing them to move migrate to their final destination, sometimes over very long distances. Failure of neuronal migration results in away from the midline (Kidd et al., 1999 ). An elegant study using chimeric hybrids of netrin and Slit receptors developmental and functional abnormalities (Pearlman et al., 1998) . Two of the most well studied systems are expressed as transgenes in Drosophila demonstrated that repulsion is encoded by the intracellular domain of the migration of cerebral cortical neurons to the cortical plate and the olfactory interneuron precursors to the Robo, further confirming the role of Slit-Robo interaction in proper axon and mesoderm migration guidance (Baolfactory bulb. Cerebral cortical neurons generated in the cortical VZ and SVZ migrate outward along radial shaw and Goodman, 1999). In vertebrates, a family of Slit molecules (Slit1, 2, and 3) have been described glial processes to the cortical plate where the later generated neurons migrate past the early generated neu-(Holmes et al., 1998; Itoh et al., 1998). As in Drosophila, vertebrate Slit proteins bind to Robo receptors (Brose rons (Rakic, 1972; McConnell, 1992 (Luskin, 1993 ; Lois and Alvarez-BuyIn this study, it was hypothesized that the migration lla, 1994). They continue to divide en route to the bulb of cerebral cortical neurons could be guided in part by (Luskin et al., 1997 tested. The results showed that the choroid plexus resymmetrical when cocultured with the explants of the pia mater ( Figure 1A ; n ϭ 32), suggesting that there was pelled the migration of cerebral cortical neurons and the olfactory interneuron precursors. Protein fractionation no attractive factor secreted by the pia mater. However, when cocultured with the choroid plexus from the lateral purified the activity to homogeneity and identified a 190 kDa molecule, the size of full-length Slit proteins. The ventricles, cell migration was asymmetric with most of the cells that migrated out of the SVZ explants moving purified protein cross-reacted with an antibody against Slit2. Indeed, chemorepulsion was mimicked by Slit2 away from the choroid plexus explants ( Figure 1B ; 62 out of 72 cocultures). To quantitate this result, the cells expressed in COS cells. These results suggest a chemotropic guidance mechanism for neuronal migration in that migrated out of SVZ explants were divided into four quadrants. Cells in the proximal and distal quadrants the developing mammalian brain.
with respect to the choroid plexus explants were counted on camera lucida drawings from a phase conResults trast microscope ( were 352 cells in the distal quadrants (pooled results in The septum secretes a chemorepulsive activity for an experiment of 18 cocultures). To determine if the olfactory interneuron precursors (Hu and Rutishauser, migrating cells were neurons, the explant cultures were 1996). To examine if the septum also repelled cerebral stained with an antibody against ␤-tubulin III. As shown cortical neurons, cerebral cortical SVZ (E16.5) were coculin Figure 1D , the migrating cells expressed ␤-tubulin III, tured with the septal explants (E16.5) in collagen gels. As indicating that they were neurons. These results suggest shown in Figure 1C , migration was asymmetrical from the that the choroid plexus secretes a chemorepulsive fac-SVZ explants (25 out of 31 cocultures), suggesting that tor that repels the migrating neurons from the cerebral the septum also secretes a similar chemorepulsive activity. cortical SVZ in vitro.
Though fewer cells migrated to the proximal quadThe Choroid Plexus Repelled Olfactory rants than to the distal quadrants, some cells did migrate
Interneuron Precursors to the proximal quadrants. If the choroid plexus secretes
To test if the choroid plexus also repels olfactory ina chemorepulsive factor, the cells that migrated to the terneuron precursors, newborn mouse SVZa explants proximal quadrant should reverse their migration direcwere cocultured with the choroid plexus explants. tion in response to such repulsive cues. Therefore, the Shown in Figure 2 are results of these cocultures. When orientation of the cells with respect to the leading pronewborn SVZa explants were cocultued with the newcess in the proximal quadrants and the distal quadrants born choroid plexus explants isolated from the lateral was examined. As shown in Table 1, while 50% shows that cells in the distal quadrant are immunoreacAgain, these results suggest that there is a choroid tive to the antibody, while there are few reactive cells plexus-derived chemorepulsive factor that repels the migrating cerebral cortical neurons.
in the proximal quadrant ( Figure 2F ). To quantitate the Figure 3B ; all 44 explants showed repulsion) explants, cells tended to tal quadrant (p Ͻ 0.005, Chi-square analysis). These results suggest that, together with the caudal part of the migrate away. These results suggest that N2A cells produce a chemorepulsive activity similar to that from the septum, the choroid plexus repels olfactory interneuron precursors and may help determine the migration direcchoroid plexus and the septum. Thus, N2A cells were tion in vivo.
used as a source of material for the purification of the To test the temporal expression of the choroid plexuschemorepulsive factor. Other cell lines tested but lackderived chemorepulsive activity during development, ing a chemorepulsive activity include 3T3, COS, PC12, the choroid plexus explants isolated from fetal (E16.5) F11, ES, and EC cell lines. and adult mice (4 months old) were cocultured with the To purify the activity, a chemorepulsion assay using SVZa explants isolated from the newborn mice. The microcylinders was developed. Microcylinders made migration of olfactory interneuron precursors out of the from phospholipid can release trapped materials in a SVZa explants was asymmetric when cocultured with very slow fashion over several days (Rudolph et al., both fetal ( Figure 2C ; 25 out of 25 explants) and the 1992; Spargo et al., 1995). N2A-conditioned medium adult choroid plexus ( Figure 2D; 34 out of 48 explants) .
was concentrated to 50ϫ with Centricon concentrator of These results indicate that, in addition to the newborn molecular weight cutoff (MWCO) of 10 K. Microcylinders choroid plexus, the choroid plexus of fetal and adult loaded with concentrated conditioned medium were mice also repel olfactory interneuron precursors sugthen embedded into low melting point agarose gels. gesting that similar repulsive activities exist in the fetus When SVZa explants were cultured next to the agarose and the adult. Adult septal tissue did not survive in culblocks in collagen gels, the cells migrated away from ture, so it was not readily determinable if the adult septhe agarose blocks ( Figure 3C ). Newborn SVZa explants tum was repulsive.
were used in this assay as it was easier to obtain than the prenatal cerebral SVZ. When plain medium or heatinactivated N2A-conditioned medium was used (65ЊC, Isolation of a Candidate Chemorepulsive Factor by Protein Fractionation 15 min) to load microcylinders, cell migration was not affected ( Figure 3D ). It is not practical to use the septum or the choroid plexus isolated from newborn mice as a primary source for This microcylinder chemorepulsion assay was used to
Chemorepulsion of the Migrating Cortical Neurons and the Olfactory Interneuron Precursors by Slit2
To In this paper, the hypothesis that the direction of cerepresumably other Slit proteins as well) has been shown to be cleaved into two fragments (Wang et al., 1999) .
bral cortical neuronal migration might be guided in part by long-range attractive or repulsive factor(s) was examothers, a model of chemotropic guidance of migrating telencephalic neurons can be proposed. During prenatal ined using a collagen gel assay. It was shown that the migration of cerebral cortical neurons was repelled by development, Slit2 is secreted by the septum, the choroid plexus, and the ventricular lining (Ba-Charvet et al., the choroid plexus. The activity appeared to be similar to the septum-derived chemorepulsive factor in that the 1999) into the lateral ventricles. The presence of Slit2 in the lateral ventricles could establish a gradient of a choroid plexus repelled olfactory interneuron precursors. The N2A cell line mimicked the chemorepulsive repulsive cue for the cortical neurons. This gradient might prevent the cerebral cortical neurons from migratactivity of the choroid plexus and the septum. To purify the factor, a chemorepulsion assay was developed using toward the ventricles, and instead they migrate toward the pia mater on radial glial fibers. In the newborn, ing microcylinders. Fractionation of N2A-conditioned medium yielded a 190 kDa protein (the size of full-length where the olfactory ventricle is occluded, the same repulsive cues are located caudal to the SVZa. They may Slit proteins) that was immunologically cross-reactive with Slit2, suggesting that it is either Slit2 or another Slit prevent the olfactory interneuron precursors generated in SVZa from migrating caudally and help set the rostral protein. 
